Introduction 28
The treatment of Kienböck disease remains controversial; however, it is agreed that 29 early diagnosis is important. 1-3 Magnetic resonance imaging (MRI) of Kienböck disease 30 typically gives a uniformly low signal on T1-weighted images. MRI is essential for an 31 early diagnosis. 4, 5 However, it is difficult to understand the detail of the actual histology, 32 which can enable the selection of appropriate treatment options. Few reports have 33 correlated MRI scans and histopathological appearances of biopsy specimens 6, 7 or 34 comparisons with sagittal sections of whole lunate bones. 8 As compared to the 35 histological findings, low-intensity areas on MRI did not correlate closely with the 36 extent of the necrotic areas and did not distinguish between new bone formation and 37 granulation tissue. Moreover, Hashizume et al. said that this disagreement was due to 38 the poor quality of the MRI. 8 Schmitt et al. summarized the pathoanatomic processes 39 and the corresponding MRI findings in the natural course of lunate osteonecrosis. 9 In 40 close correlation with the underlying pathoanatomic processes, 3 different signal and 41 contrast enhancement patterns can be identified in lunate osteonecrosis with the use of 42 contrast-enhanced, T1-weighted MRI. This imaging technique clearly shows the 43 different enhancement patterns and differentiation between bone marrow edema and 44 partial and complete bone marrow necrosis. 9 intended for a range of applications requiring a small field of view while maintaining a 62 high signal-to-noise ratio and is well suited to exame small anatomical lesions. The slice 63 thickness was 1.5-mm, and the slice interval was 0.1-mm with a field of view of 64 50-mm. 14 histopathologically because we could observe trabecular structures and fatty marrow 102 ( Fig. 4a ). This region also exhibited high intensity PDW images and moderate intensity 103 FFE images. Furthermore, the observed signal was equal to the signal of the normal 104 osseous tissue in the MRI. Conversely, within the dotted outline ( Fig. 4 , upper row), the 105 region was filled with fibrous granular tissue and blood vessels, and no fatty marrow or 106 osteocyte nuclei were observed histopathologically ( Fig. 4b ). This region also exhibited 107 slightly low intensity PDW images and high intensity FFE images. In all specimens, we 108 observed a signal change on the MRI, as well as changes in the histopathology. In the 109 dorsal distal region ( Fig. 3a , i, q), near-normal signal intensities were observed on the 110 MRI, and normal trabecular structures were observed in the histopathological analyses, 111 including osteocyte nuclei, fatty marrow, and blood vessels. This region also exhibited 112 high intensity PDW images and intermediate intensity FFE images ( Fig. 3a, i, q) . In the 113 volar 1/3 area ( Fig. 3f, n , v) of the lunate, there were fibrous granular tissues and blood 114 vessels but an absence of fatty marrow, and this area exhibited low intensity PDW 115 images and high intensity FFE images. 116
Of the 6 patients having Kienböck disease (stage 3b), osteocyte nuclei, fatty marrow, 117 and blood vessels were present within the corresponding high intensity areas of the 118 PDW images. In the low intensity areas of the PDWs, osteocyte nuclei and fatty marrow 119 were absent, and blood vessels were only present in some of the histopathological 120 findings. The intensities of the FFE images and the histopathological findings did not 121 always correlate (Table 2) . T1-weighted images. In T2-weighted images, 2 cases showed complete low intensity, 144 and 3 cases yielded diffuse images that included mixed high and low areas. MRI (T1-145 and T2-weighted images) low-intensity areas did not correlate closely with the extent of 146 the necrotic areas in the histological findings and did not distinguish between new bone 147 7 formation and granulation tissue in detail. Moreover, they said that this disagreement 148 was due to the poor quality of the MR images. 8 In our 6 cases, empty lacunae and a 149 reduction of fatty marrow, but not the presence of blood vessels, correlated with the 150 signal intensities of the PDW images taken with a 47-mm microscopy coil. 151
Kienböck disease is denoted as an avascular necrosis because blood vessels are usually 152 not present. In the lunates of our study, the trabecular bone structures were segmented, 153 and fatty marrows were absent, which potentially allowed the formation of fibrous 154 granulation tissues, although with the presence of blood vessels. Hashizume et al. 155 (1996) 
